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Respondent, Elementis Chromium Inc.' (“Respondent” or Elementis™),
respectfully submits this memorandum in opposition to the Motion for Accelerated
Decision on Liability (the “Motion”) filed by the United States Environmental Protection

Agency (“Complainant” or “EPA”), and requests that an order be issued denying the

Motion.

L. INTRODUCTION

This enforcement action has been brought by the United States Environmental
Protection Agency (‘“‘Complainant” or “EPA”) against Elementis for alleged violation of
Section 15(c) of the Toxic Substances Control Act (“TSCA”), 15 U.S.C. § 2614(c). EPA
alleges that Elementis was required by Section 8(¢) of TSCA to submit the
“Collaborative-Cohort Mortality Study of Four Chromate Production Facilities, 1958-

1998, Final Report” prepared by Applied Epidemiology dated September 27, 2002 (the

! Elementis Chromium LP was merged into Elementis Chromium GP Inc. on September 10, 2010.
Elementis Chromium GP Inc. then changed its name to Elementis Chromium Inc.
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“Report”) to EPA. EPA further claims that the Report contains information which
reasonably supports the conclusion that hexavalent chromium presents a substantial risk
of injury to health or the environment. Complainant has filed a Motion for Accelerated
Decision on the grounds that there are no genuine issues of material fact and it is entitled

to judgment in its favor as a matter of law.

II. SUMMARY OF ARGUMENT

Elementis does not contest that it is a manufacturer of chromium chemical
products, including some that contain hexavalent chromium, or that it received the Report
on October 8, 2002. Further, Elementis concedes that it did not submit the Report to
EPA until November 17, 2008 in response to a subpoena .from EPA to one of Elementis’
ermployees.

However, genuine issues regarding material facts exist and therefore preclude
granting EPA’s Motion. Specifically, the evidence in this matter will establish that
Elementis was not required to submit the Report to EPA under Section 8(¢) of TSCA
because the only information contained in the Report supporting the conclusion that
hexavalent chromium presents a substantial risk of injury to health was already very well
known to EPA, and Elementis had actual knowledge of EPA’s awareness of the
information. The only information in the Report reasonably supporting the conclusion
that hexavalent chromium presents a substantial risk of injury to human health was the
finding by Applied Epidemiology that there was a statistically significant increased
incidence of lung cancer in the employees exposed to high levels of hexavalent
chromium in the chromium plants in Germany. This increased incidence of lung cancer

in persons cxposed to high levels of chromium had been found in many prior



epidemiologic studies known to EPA (including one that was actually funded by EPA),
and Elementis had actual knowledge that such studies were in EPA’s possession.

In fact, one such study, completed just two years prior to the Report and paid for
with EPA funds, was prepared in part by an employee of EPA, Dr. Herman Gibb (the
“Gibb Study”). When Dr. Joel Barnhart, Vice President-Technical for Elementis,
received the draft Report from Applied Epidemiology in April 2002, he analyzed the
Report, and determined that its reasonably supportable conclusions were no different than
those identified by epidemiologic studies with which he was already familiar, especially
the Gibb Study. As Dr. Barnhart knew that EPA already had the Gibb Study in its
possession, he determined that there was no obligation to provide the Report to EPA
pursuant to Section 8(e) of TSCA.

Dr. Barnhart also had serious concerns about the combined data sets used in the
Report, as did its principal author, Dr. Kenneth Mundt, and thus believed that the study,
as a whole, was flawed. Given the fact that EPA was already well aware of the belief that
exposure of persons to high levels of hexavalent chromium could lead to an increased
risk of developing lung cancer, Dr. Barnhart and Elementis chose not to submit the
Report to EPA pursuant to TSCA Section 8(¢).

The facts are clear that: 1) EPA was fully aware of the belief that exposure to
high levels of hexavalent chromium increases the risk of contracting lung cancer at the
time Elementis received the Report, 2} Elementis had actual knowledge that this
information was known to EPA, and 3) this was the only information in the Report which
reasonably supports the conclusion that hexavalent chromium presents a substantial risk

of injury to health. Therefore, the only possible conclusion is that Elementis had no




obligation to provide the Report to EPA. EPA misconstrues the information contained in
the Report, and incorrectly concludes that such information is “substantial risk”
information not previously known by EPA. As such, genuine issues as to some material
facts exist, and Complainant’s Motion for Accelerated Decision on Liability should be
denied.

I1I. STATEMENT OF FACTS

Elementis is a manufacturer, processor and distributor of chromium chemical
products, including chromic oxide, chromic acid and sodium dichromate. Barnhart Aff,,
Ex. A, § 3. Elementis and its predecessors have been manufacturing chromium chemical

products for more than 35 years. Barnhart Aff,, Ex. A, 9 4.

Elementis was a member of the Industrial Health Foundation (“THF”) Chromium
Chemicals Health and Environmental Committee from at least 1984 until 2003 when IHF
was dissolved in bankruptcy. Bambhart Aff,, Ex. A, 4 5. Other chromium chemical
manufacturers that were members of the IHF Chromium Chemicals Health and
Environmental Committee were Bayer AG and Occidental Chemical Corporation.2

Bamhart Aff,, Ex. A, 4 6.

In 1998, the IHF Chromium Chemicals Health and Environmental Committee
initiated an cpidemiology study involving two chromium chemicals manufacturing plants
located in the United States (Castle Hayne, North Carolina and Corpus Christi, Texas),
two chromium chemicals manufacturing plants located in Germany (Leverkusen and

Uerdingen) and one chromium chemicals manufacturing plant in the United Kingdom

* Complainant has not brought an enforcement action against either Bayer AG or Occidental, even though
both of those companies were chromium chemical manufacturers, processors and distributors, they both
received the Report at exactly the same time as Elementis, and did not provide the Report to EPA.




(Eaglescliffe, England). Barnhart Aff., Ex. A, §7. The IHF Chromium Chemicals
Health and Environmental Committee’s purpose in commissioning the epidemiology
study was to conduct a large study to better assess and understand the cancer risk
associated with exposure to hexavalent chromium at the facilities involved 1n the study.?
Barnhart Aff., Ex. A, 1 8; Mundt Aff., Ex. B, 9 5. Applied Epidemiology Inc. (which
later became part of ENVIRON International Corporation) entered into an agreement

with IHF to undertake this work, Barnhart Aff., Ex. A, § 8; Mundt Aff., Ex. B, 9 5.

Applied Epidemiology was retained by the IHF to analyze reported cases of lung
cancer in workers at the plants and exposure levels of those workers to hexavalent
chromium compounds to determine whether any statistically significant correlation could
be found.* Report, p. 2 (attached to Complainant’s Memorandum in Support of the
Motion at Ex. 1). One significant challenge of the study was that worker exposure in the
United States plants had been measured by personal air monitors, while the primary
measure of exposure in the German plants was through analysis of chromium in the urine
of the workers. Mundt Aff., Ex. B, § 7. In order for Applied Epidemiology to analyze
the eritire data set as one, it had to create a conversion factor to convert air concentrations
measured by the personal air monttors to urine cadmium levels. Mundt Aff, Ex. B, § 8.
This required Applied Epidemiology to make some very substantial assumptions. Id.

After making such assumptions, it came up with a single conversion factor that it used to

' On Tuly 24, 1998, the chair of IHF Chromium Chemicals Health and Environmental Commuttee, Bruce
Norman, wrote to EPA, the federal Occupational Safety and Health Administration (“OSHA™) and other
regulatory bodies informing them of the initiation of the study. Barnhart Aff., Ex. A, 4 9.

" In 1999, it became apparent that the data from the Eaglescliffe, England plant would not be compiled in
time to be included in the study, so it was eliminated from the study. Barnhart Aff., Ex. A; § 10, Mundt
Aff., Ex. B, §6.



convert all of the air monitoring exposure valuations to urine chromium levels. Mundt
Aff, Ex. B, Y 9.

Applied Epidemiology then broke the cohort into four different groups based on
relative exposure levels: low (0 - 39.9 ug/L), intermediate-low (40.0 - 99.9 pg/L),
intermediate - high (100.0 — 199.9 pg/L) and high (< 200.0 pg/L). Mundt Aff.,, Ex. B, §
10; Report p. 99 (attached to Complainant’s Memorandum in Support of the Motion at
Ex. 1). For each exposure group, Applied Epidemiology then compared the number of
persons within each group who had contracted lung cancer with the number of people
that would be expecied to contract lung cancer in the group based on statistics from the
general population in the locals where the plants were situated. Mundt Aff.,, Ex. B, § 10.

The highest exposure group, the persons with exposures of 2200 ug/L, contained
a total of 117 workers. Mundt Aff., Ex. B, § 11. Of this number of workers, there were
12 reported cases of lung cancer. Id. When compared with the number of cases that
would be expected in the general population based on historical reporting, 5.72 expected
cases, Applied Epidemiology concluded that number of actual cases of lung cancer in this
group indicated that there was an elevated risk of contracting lung cancer exhibited by
this group. Mundt Aff., Ex. B, § 11.

Importantly, none of the other groups showed a statistically significant increase in
the number of cancer cases. Mundt Aff., Ex. B, § 12. Specifically, the exposure group 0-
39.9 ug/L had 4 reported cases of lung cancer, with 6.97 expected, the exposure group
40-99.9 ug/L, had 4 reported cases of lung cancer, with 4.20 expected, and the exposure

group 100-199.9 ug/L, had 5 reported cases, with 5.30 expected. Id.



In early 2002, Applied Epidemiology provided a draft of the Report to the IHF
Chromium Chemicals Health and Environmental Committee.® Barnhart Aff., Ex. A, 1
11; Mundt Aff,, Ex. B, 4/ 14. The final Report was e-mailed to the members of the IHF
Chromium Chemicals Health and Environmental Committee on October 8, 2002 and then
presented, in person, by Dr. Kenneth Mundt of Applied Epidemiology at the IHF
Chromium Chemicals Health and Environmental Committee meeting on October 15,
2002. Mundt Aff,, Ex. B, § 15. During the October 15, 2002 meeting, Dr. Mundt
reported to the IHF Chromium Chemicals Health and Environmental Committee that he
had presented the results of the study at the EPICOH international conference on
Epidemiology in Barcelona, Spain in the previous month. Barnhart Aff,, Ex. A, §12;
Mundt Aff., Ex. B, 4 17. This conference is a periodic gathering of the world’s
preeminent occupational epidemiologists. Id. See also www. epicoh.org. He further
reported that epidemiologists at the meeting questioned the propriety of combining the

German plant cohort with the cohort from the United States plants because of the

different methods used to measure exposure in the two cohorts. Mundt Aff., Ex. B, § 19.

Before the October 15, 2002 meeting of the IHF Chromium Chemicals Health and
Environmental Committee, and at the meeting, the IHF Chromium Chemicals Health and
Environmental Committee discussed with Dr. Mundt the proposition that the study be
divided into parts for publication since the German exposure levels were significantly
higher and the data was primarily urinary chromium measurements, while the US

exposure levels were lower and based on air sampling data. Barnhart Aff,, Ex. A, §13;

3 Applied Epidemiology also provided draft copies to the scientific advisory board (“SAB”) convened by
Applied Epidemiology. The SAB was made up of James Stewart, Ph.D. of Harvard University, Harvey
Checkoway, Ph.DD. of the University of Washington and Edwin van Wijingaarden, Ph.D. of the University
of North Carolina for review and comment. Bamhart Aff., Ex. A; ¥ 11, Mundt Aff, Ex. B, Y 14.



Mundt Aff., Ex. B, § 18. The IHF Chromium Chemicals Health and Environmental
Committee also discussed the complications and problems associated with correlating
urinary chromium measurements with air sampling data. Barmhart Aff., Ex. A, §13;
Mundt Aff.,, Ex. B, § 19. Dr. Mundt confirmed that similar concerns and issues had been
discussed with him by peers at the September 2002 EPICOH conference. Mundt Aff.,

Ex. B, § 19.

When Dr. Barnhart received the draft Report in early 2002, he compared the
results to the results reported by the Gibb Study. Barnhart Aff., Ex. A, 15. The only
information from both of these studies that reasonably supports a conclusion that
hexavalent chromium presents a “substantial risk of injury to health” is that persons
subject to higher exposure levels have an increased incidence of lung cancer. Barnhart
Aff, Ex. A, § 16. This could lead to the conclusion that high levels of exposure to
hexavalent chromium causes increased risk of lung cancer. Barnhart Aff., Ex. A, 4 17;
Report p. 84 (attached to Complainant’s Memorandum in Support of the Motion at Ex.
1). As the Gibb Study had already identified this potential risk, and Dr. Barnhart knew
EPA had the Gibb Study because he knew Dr. Gibb worked for EPA and EPA had
funded the Gibb Study, Dr. Bamnhart concluded that the Report did not need to be
provided to EPA pursuant to TSCA section 8(¢). Barnhart Aff., Ex. A; 9 18, Gibb Aff,,
Ex. C,909.

In 2003, IHF went bankrupt and disbanded, and Applied Epidemiology was
acquired by ENVIRON Intemational Corporation. Barnhart Aff., Ex. A, 9 19; Mundt
Aff, Ex. B, 9 3. The IHF Chromium Chemicals Health and Environmental Committee

did not meet again after the October 15, 2002 meeting. Barnhart Aff,, Ex. A, q 20.



IV.  ARGUMENT

A. Standard Of Review

The Presiding Officer may grant a motion for accelerated decision if “no genuine
issue of material fact exists and a party is entitled to judgment as a matter of law.” 40
C.F.R. § 22.20(a).

Motions for accelerated decision under 40 C.F.R. § 22.20(a) are treated similar to
motions for summary judgment under Rule 56 of the Federal Rules of Civil Procedure

(“FRCP™). See, e.g., Intre BWX Tech., Inc., 9 E.A.D. 61, 74-75 (EAB 2000); Belmont

Plating Works, Docket No. RCRA-5-2001-0013, 2002 EPA ALJ LEXIS 65, at *8 (EPA
ALJ Sept. 11, 2002); Pursuant to FRCP 56(a), “[t}he court shall grant summary judgment
if the movant shows that there is no genuine dispute as to any material fact and the
movant is entitled to judgment as a matter of law.” For that reason, federal court
decisions interpreting Rule 56 provide guidance for adjudicating motions for accelerated

decision. See CWM Chem. Serv., 6 E.A.D. 1 (EAB 1995).

The burden of showing that no genuine issue of material fact exists is on the party

moving for summary judgment. Adickes v. S. H. Kress & Co., 398 U.S. 144, 157 (1970).

In determining whether the movant has met its burden, the Court views the evidence in

the light most favorable to the nonmoving party. See Anderson v. Liberty Lobby, Inc.,

477 U.S. 242, 255 (1985), Adickes, 398 U.S. at 158-59. When conflicting inferences

may be drawn from the evidence, summary judgment is not appropriate. Rogers Corp. v.

EPA, 275 F.3d 1096, 1103 (D.C. Cir. 2002). In support of, or in opposition to, a motion
for summary judgment, a party must provide evidence in support of its assertion “that a

fact cannot be or is genuinely disputed by: (A) citing particular parts of materials in the



record . . . or (B) showing that the materials cited do not establish the absence or presence
of a genuine dispute, or that an adverse party cannot produce admissible evidence to
support the fact.” FRCP 56(0)(1)(A) and (B).
B. Genuine Issues Of Material Fact Exist Because Elementis Was Not
Required To Provide The Report To EPA Under Section 8(¢) Of TSCA As

Elementis Knew That The Substantial Risk Information In The Report
Was Already Well Known To EPA.

Section 8(e) of TSCA 1s a one-sentence provision that reads as follows:

Any person who manufactures, processes, or distributes in commerce a chemical
substance or mixture and who obtains information which reasonably supports the
conclusion that such substance or mixture presents a substantial risk of injury to
health or the environment shall immediately inform the Administrator of such
information unless such person has actual knowledge that the Administrator has
been adequately informed of such information.

15 U.S.C. § 2607(c) (emphasis added). Thus, in order to establish a violation of this
provision, the following elements must be proven:

. Alleged violator is a person who manufactures, processes or
distributes in commerce a chemical substance or mixture;

. Alleged violator obtains information that reasonably supports the
conclusion that a chemical substance or mixture that it
manufactures, processes or distributes in commerce presents a
substantial risk of injury to health; and

J Alleged violator fails to immediately notify the Administrator of
the information.

However, the statute also provides that a manufacturer, processor or distributor
does not have to provide substantial risk information if such information was known to
the Administrator and the alleged violator had actual knowledge that such information
was known to the Administrator. Thus, it is an absolute defense to an allegation of
violation of TSCA Section 8(e) if the alleged violator can show that the substantial risk

information was already known to EPA and the alleged violator knew this.

10



In this case, there is no dispute that Elementis is a manufacturer, processor and
distributor in commerce of hexavalent chromium-containing chemicals. Nor is there any
dispute that Elementis received the Report in October 2002 and did not provide it to the
Administrator until November 18, 2008, when it responded te a subpoena from EPA.
There is, however, clear factual dispute between the EPA and Elementis on three critical
factual issues: 1) what information the Report contained that reasonably supports the
conclusion that hexavalent chromium presents a substantial risk to health (the
“Substantial Risk Information”); 2) whether the Substantial Information Risk information
was already known to EPA; and 3) whether Elementis had actual knowledge that the
Substantial Risk Information was already known to EPA.

1. The Only Substantial Risk Information in the Report is That

Persons Exposed to High Cumulative Levels of Hexavalent
Chromium Have an Increased Risk of Lung Cancer.

The epidemiologic study conducted by Applied Epidemiology analyzed workers
at four chromium chemicals manufacturing plants. Mundt Aff., Ex. B, 49 4 and 6. The
study quantified cumulative exposures of those workers to hexavalent chromium and then
identified any of the workers who have contracted lung cancer. See generally the Report
(attached to Complainant’s Memorandum in Support of the Motion at Ex. 1). By
comparing the number of actual lung cancer cases found with an expected number of
lung cancer cases determined from data about lung cancer in the general population in the
vicinity of the plants, Applied Epidemiology drew conclusions about the relative effect of
exposure to hexavalent chromium on a worker’s risk of developing lung cancer. Mundt
Aff,Ex. B 11 and 12.

The Report, which detailed the results of the study and analysis conducted by

Applied Epidemiology concluded that workers in the cohort who had been subjected to
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high levels of cumulative exposure to hexavalent chromium showed an increased
incidence of lung cancer when compared to the general population where the plants were
located. Barnhart Aff., Ex. A, 9 16; Mundt Aff., Ex. B, § 11. Persons in the three other
exposure groups did not show a statistically significant increased incidence of cancer
when compared to the general population. Mundt Aff., Ex. B, § 12. The Report
concludes that exposure to high levels of hexavalent chromium leads to an increased risk
of lung cancer. Barnhart Aff., Ex. A, ¥ 16. This conclusion identifying an elevated risk
of lung cancer in the highest cumulative exposure group is the only Substantial Risk
Information in the Report. 1d.

EPA contends that the Report’s “finding of increased lung cancer mortality risk
constitutes new information about potential health risks associated with occupational
exposure to hexavalent chromium under modemn plant conditions”.is inapposite to this
case. Complainant’s Memorandum in Support of the Motion, p. 25. Section 8(e) of
TSCA addresses substantial risk information associated with a “chemical substance or
mixture” not with processes or exposures involving a chemical substance or mixture. Ifa
chemical is believed to cause lung cancer when inhaled, it does not matter to that finding
how the inhalation occurs — the chemical still causes lung cancer. Moreover, modern
plant conditions had been analyzed by EPA in connection with the Gibb Study. Gibb
Aff, Ex. C, 9§ 12

2. The Substantial Risk Information Contained in The Report Was
Well Known to EPA.

Hexavalent chromium has been known to be a cause of lung cancer, and this has
been known to EPA for many years. Gibb Aff,, Ex. C, §10. In addition, to EPA, it is

irrelevant how “modern” a facility is —— EPA takes the position that any exposure to

12



hexavalent chromium presents some risk of lung cancer. Gibb Aff., Ex. C, 4 10. For
EPA to now take the position that the Report contains new information on substantial risk
of injury from hexavalent chromium is disingenuous. As Dr. Gibb, an epidemiologist for
EPA for 30 years, states, the Report “does not add to the knowledge base on the lung
cancer risk from occupational exposure to hexavalent chromium.” Gibb Aff,, Ex. C, 9.
A very comprehensive and substantial epidemiologic study was conducted by Dr.
Gibb when he worked for the National Center for Environmental Assessment at EPA ona
chromium chemicals producing plant located in Baltimore, Maryland (the “Gibb Study™).
Gibb Aff., Ex. C, § 8, Ex. D. EPA funded this study pursuant to grant number
(C8822033-01, and the study was completed in 2000, Gibb Aff, Ex. C,§ &, Ex. D, p.
115, FN #3. The Gibb Study “confirms the elevated lung cancer risk from hexavalent
chromium exposure observed in other studies and presents the best opportunity to date of
evaluating the lung cancer exposure-response relationship from exposure to hexavalent
chromium.” Ex. D, p. 124. Furthermore, when the exposure groups in the Gibb Study
arc compared with those in the Rebort, it is clear that the Substantial Risk Information in
the Report was also found in the Gibb Study. Barnhart Aff,, Ex. A, 9 15.

3. Eiemeﬁtis Knew That The Substantial Risk Information Was
Already Known By EPA.

At the time of his receipt of the Report in October 2002, Dr. Barnhart compared
the Substantial Risk [nformation in the Report with the findings of the Gibb Study and
concluded that the Substantial Risk Information was already contained in the Gibb Study.
Barnhart Aff.,, Ex. A, 4 15. Furthermore, Dr. Barnhart knew that EPA had the Gibb
Study in its possession at the time because: a) the Gibb Study was completed in 2000,

two years before Dr. Barnhart received the Report; b) at the time the Gibb Study was
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prepared, Dr. Gibb was employed by EPA; and 3) EPA funded the Gibb Study. Gibb
Aff, Ex. C, 8.

Therefore, based on the plain language TSCA 8(e), and, more importantly, its
mandate that Substantial Risk Information does not need to be provided to EPA if such
Substantial Risk Information is already known to EPA, Dr. Barnhart correctly concluded
that Elementis had no obligation to provide the Report to EPA.

C. EPA’s Own Guidance Supports Elementis’ Decision That TSCA. Section
8(e) Did Not Require It To Provide The Report To EPA.

EPA has never issued any regulations elaborating on Section 8(e) of TSCA. It
has, however, issued a “guidance” document, first on March 16, 1978, entitled
“Statement of Interpretation and Enforcement Policy; Notification of Substantial Risk,”
43 FR 11110-11116 (March 16, 1978), and an amendment thereto on June 3, 2003,
entitled “TSCA Section 8(e); Notification of Substantial Risk; Policy Clarification and
Reporting Guidance,” 68 FR 33129-33314 (June 3, 2003). One of the stated purposes of
the revision was to “address ... which certain information need not be reported to EPA
under section 8(e) of TSCA.” 68 FR 33129, 33129 (June 3, 2003). Further, in the 2003
revision, EPA stated that “[s]ince the policy statement was published in 1978, this
republication is intended to ensure that a single reference source for the TSCA section
8(e) policy and guidance is easily available to the regulated community and other

interested parties.”6

¢ In its Memorandum in Support of Motion for Accelerated Decision, EPA extensively cites to its guidance
as support for its position that the Report should have been provided to EPA by Elementis. Complainant’s
Memorandum in Support of the Motion, pp. 15-16. However, it then provides that, to the extent that
Elementis attempts to rely on the guidance, “guidance does not impose any binding requirements upon
either the regulated community or the Agency.” Complainant’s Memorandum in Support, p. 29. In light of
the fact that EPA has not promulgated any regulations on the one-sentence provision: of Section 8(g), it is
disingenuous, at best, for EPA to take the position that the regulated community cannot rely on EPA’s
guidance.

14



In the 2003 guidance document, EPA states that:
“Substantial risk™ information need not be reported under section 8(e) if it:

* * *

(b) Corroborates (i.e., substantially duplicates or confirm) in terms of, for

example, route of exposure, dose, species, strain, sex, time to onset of effect,

nature and severity of effect, a well-recognized/well-established serious adverse

cffect for the chemical(s) under consideration . . . .
68 FR 33,129, 33,139 (June 3, 2003). As explained by Dr. Barnhart, and confirmed by
Dr. Gibb, the substantial risk information contained in the Report, namely that higher
levels of exposure to hexavalent chromium is linked to increased incidence of ung
cancer, was a risk that had been identified by many epidemiology studies before, was
well-recognized and well-established, and was clearly known by the EPA. Barnhart Aff.,
Ex. A, {9 16 -18; Gibb Aff,, Ex. C, 1 10.

Issues associated with potential occupational exposure to hexavalent chromium
have been appreciated for many years. OSHA set the first Permissible Exposure Limit

{(“PEL”) for hexavalent chromium in 1971, almost 40 years ago. 36 FR 10466 (May 29,

1971). Many, many studies have been done concerning the adverse health effects of

! In the “Frequently Asked Questions” (“FAQ”) of its website on TSCA 8(e), EPA has clearly indicated”
that health assessment information, such as epidemiologic studies, are generally not reportable under TSCA
§ 8(c). In response to the FAQ, “[w]ould industrial hygiene assessments need to be considered for TSCA §
8(e),” EPA responded as follows:
Typically no. Such assessments are often conducted in situations where potential exposure to the
chemical has already been identified. For example, contamination of workplace air or surfaces by
substances known to the manufacturer and EPA, such as Occupational Safety and Health
Administration (OSHA) regulated substances, would not need to be examined for §8(¢) reporting
under Part V. (b)(1) of the TSCA Section 8(e) Reporting Guidance because they are not
"previously unsuspected.” However, information should be considered for reporting if it
reasonably supports a conclusion of substantial risk {combination of toxicity and exposure) that
was previously unknown, In order for workplace situation to be reportable under TSCA §8(e), it
would need to be previously unsuspected and involve serious toxic effects. Also, a sudden reiease
of a large quantity of an OSHA regulated substance may need to be considered for TSCA §8(e)
reporting as an emergency incident of contamination, depending on the quantity and toxic
properties of the substance.

hitp://www.epa.gov/opptintr/isca8e/pubs/frequentlvaskedquestionsfags.himl,
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chromium going back more than 60 years. Ex. D, p 116; Gibb Aff,, Ex. C, 94 10. The
adverse health effects include the potential for increased risk of lung cancer for high
exposure first discussed by the Public Health Service 60 years ago, and confirmed by the
Gibb Study in 2000. Ex. D, p. 116; Gibb Aff., Ex. C, 4 10. The Report simply re-
identifies this substantial risk, and thus, even by EPA’s own guidance, is not something
to be reported under TSCA section 8(e).

D. Information About Exposure Does Not Constitute Substantial Risk
Information.

EPA spends much of its brief arguing that this phenomenon had never been

identified in the “low-lime” process. However, TSCA Section 8(e) requires disclosure of

information about “chemical substance or mixture,” not the processes generating

exposure. Every single chromium chemical manufacturing process is different in some |

way, and every individual’s exposure is unique. TSCA Section 8(¢), however, is ‘
chemical-specific, not process-specific. Thus, the fact that Applied Epidemiology looked

at plants that were different than those looked at by the Gibb Study or the other

chromium epidemiologic studies is irrelevant, because the health effect observed by both

was the same: respiratory exposuré to hexavalent chromium at certain levels leads to an

increased risk of lung cancer. Under a plain reading of the statute, and EPA’s own

guidance, it is indisputable that Elementis had no obligation to provide the Report to

EPA.

V. CONCLUSION

Elementis, a chromium chemicals manufacturer, received the Report in October
2002, and the Report contained a finding that, based on its analysis of workers at four

chromium chemicals manufacturing plants, high cumulative levels of respiratory
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exposure to hexavalent chromium correlates with an increased risk of lung cancer.
Although this finding may constitute information on substantial risk under Section 8(¢) of
TSCA, Elementis was under no obligation to provide the Report to EPA because this
information on the substantial risk associated with hexavalent chromium was already
very well known to EPA and well established within the scientific community, and
Elementis had actual knowledge that EPA was in possession of such information. Given
that there 1s a genuine issue on the material facts establishing Elementis’ defense to
EPA’s allegation that Elementis violated Section 8(¢} of TSCA, EPA’s Motion for
Accelerated Decision on Liability must be denied.

WHEREFORE, Elementis respectfully requests that the Presiding Officer issue an

order denying Complainant’s Motion for Accelerated Decision on Liability.

Date: May 13, 2011 R, L S Sl
J6hn J. McAleese, 11
Ronald J. Tenpas
William S. Pufko
MORGAN, LEWIS & BOCKIUS LLP
1701 Market Street
Philadelphia, PA 19103
(215) 963-5000

Attorneys for Respondent Elementis
Chromium Inc.
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CERTIFICATE OF SERVICE

I, John J. McAleese, 111, hereby certify that on May 13, 2011, I served a copy of
Respondent’s Memorandum in Opposition to Complainant’s Motion for
Accelerated Decision on Liability and supporting documents, via ¢-mail and Federal
Express on the following;

Mark A.R. Chalfant, Esquire

Waste and Chemical Enforcement Division
Office of Civil Enforcement

U.S. Environmental Protection Agency
1595 Wynkoop Street (Mailstop: S8ENF-L)
Denver, CO 80202-1129

Karin Koslow, Esquire

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW

Mail Stop 2224A

Washington, DC 20460-2001

Ay e / o - f 4 '-'//
ﬂohn J. McAleeseyHE—
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UNITED STATES
ENVIRONMENTAL PROTECTION AGENCY

IN THE MATTER OF:
Docket No. TSCA-HQ-2010-5022

Elementis Chromium Inc.
f/k/a Elementis Chromium, L.P.,

Respondent.

T T T e

SWORN STATEMENT OF JOEL BARNHART, PH.D.

1, Joel Barnhart, Ph.D., do hereby state the following:

I. I am currently Vice President — Technical for Elementis Chromium Inc.

{“Elementis Chromium™). [ have held this position since 1988.

2. I received a Bachelor of Science degree from University of Texas in 1968 and a

Doctorate degree in Physical Chemistry from the University of Colorado at Boulder in 1976.

3. Elementis Chromium is a manufacturer of chromium chemical products,

including chromic oxide, chromic acid and sodium dichromate.

4, Elementis and its predecessors have been manufacturing chromium chemicals for

more than 35 years.

5. In approximately 1984, 1 became a member of the Industrial Health Foundation
(“THF”) Chromium Chemicals Health and Environmental Committee as the representative of
American Chrome & Chemicals (now known as Elementis Chromium). [ was a member of the
IHF Chromium Chemicals Health and Environmental Committee from 1984 until 2003 when

IHE was dissolved in bankruptey.



6. Bayer AG and Occidental Chemical Corporation were also members of the IHF
Chromium Chemicals Health and Environmental Committee during the entire time of my

membership.

7. In 1998, the IHF Chromium Chemicals Health and Environmental Committee
initiated an epidemiology study involving two chromium chemicals manufacturing plants located
in the United States (Castle Hayne, North Carolina and Corpus Christi, Texas), two chromium
chemicals manufacturing plants located in Germany (Leverkusen and Uerdingen) and one

chromium chemicals manufacturing plant in the United Kingdom (Eaglescliffe, England).

8. The IHF Chromium Chemicals Health and Environmental Committee’s purpose
in commissioning the epidemioclogy study was to conduct a large study to better assess and
understand the cancer risk associated with exposure to hexavalent chromium at the facilities
involved in the study. Applied Epidemiology Inc. (which later became part of ENVIRON

International Corporation) was contracted to undertake this work.,

9. On July 24, 1998, the chair of IHF Chromium Chemicals Health and
Environmental Committee, Bruce Norman, wrote (o the federal Occupational Safety and Health
Administration (“OSHA”™), the federal Environmental Protection Agency and other regulatory

bodies informing them of the initiation of the study.

10.  In 1999, it became apparent that the data from the Eaglescliffe, England plant

would not be compiled in time to be included in the study, so it was eliminated from the study.

11.  Inearly 2002, Applied Epidemiology provided a draft of the report on the study to

the IHF Chromium Chemicals Health and Environmental Committee. Applied Epidemiology



also provided draft copies to James Stewart of Harvard University, Harvey Checkoway of the

University of Washington and Edwin van Wijingaarden of the University of North Carolina.

12. The final report of the study was presented to the IHF Chromium Chemicals
Health and Environmental Committee on October 15, 2002 by Dr. Kenneth Mundt of Applied
Epidemiology. Dr. Mundt reported to the IHF Chromium Chemicals Health and Environmental
Committee that the results of the study had been presented at the EPICOH international

conference on Epidemiology in Barcelona, Spain in the previous month.

13.  Before the October 15, 2002 meeting of the IHF Chromium Chemicals Health and
Environmental Committee and at the meeting, the IHF Chromium Chemicals Health and
Environmental Committee discussed with Dr. Mundt the proposition that the study be divided
into parts for publication since the German exposure levels were significantly higher and the data
was primarily urinary chromium measurements, while the US exposure levels were lower and
based on air sampling data. At the October 15, 2002 meeting, the IHF Chromium Chemicals
Health and Environmental Committee discussed the possibility of dividing the study into three
parts consisting of one paper on the study of the German plants, one paper on the study of the
United States plants and a third paper on the exposure assessment methodology utilized in the
study. The IHF Chromium Chemicals Health and Environmental Committee also discussed the
complications and problems associéted with correlating urinary chromium measurements with

air sampling data.

14, After the October 15, 2002 THF Chromium Chemicals Health and Environmental
Committee meeting, it was my belicf that the results of the study did not indicate a previously

unknown substantial risk associated with exposure to hexavalent chromium.



15. When I received the draft Report in early 2002, I compared the results in the draft
Report to the results reported by the 2000 EPA-sponsored study authored by Dr, Herman Gibb

and others (the “Gibb Study™).

16.  The only information from both of these studies that reasonably supports a
conclusion that hexavalent chromium presents a “substantial risk of injury to health” is that

persons subject to higher exposure levels have an increased incidence of lung cancer.

17.  These findings could lead to the conclusion that high levels of exposure to

hexavalent chromium causes increased risk of lung cancer.

18. As the Gibb Study had already identified this potential risk, | concluded that the
Report did not need to be provided to EPA pursuant to Section 8(¢) of the Toxic Substances

Control Act (“TSCA”).

19.  In 2003, IHF went bankrupt and disbanded, and Applied Epidemiology was

acquired by ENVIRON International Corporation.

20. The THF Chromium Chemicals Health and Environmental Committee did not

meet again after the October 15, 2002 meeting.

JOBL BARNHART PH.D.

Sworn to and subscribed

before me this | | day
of May, 2011.

NOTARY PUBLIC

My commmission expires:
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Elementis Chromium Inc.
f/k/a Elementis Chromium, L.P.,
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SWORN STATEMENT OF KENNETH A. MUNDT, PH.D.

I, Kenneth A. Mundt, Ph.D., do hereby state the following:

I. I am a Principal of ENVIRON International Corporation (“ENVIRON™),

2, I have a Ph.D. in Epidemiology from the University of North Carolina at Chapel

Hill.

3. [ was a Principal of Applied Epidemiology, Inc. (“Applied Epidemiology “) until

November 1, 2003 when Applied Epidemiology merged into ENVIRON.

4, In 1998, the IHF Chromium Chemicals Health and Environmental Committee
initiated an epidemiology study involving two chromium chemicals manufacturing plants located
in the United States (Castle Hayne, North Carolina and Corpus Christi, Texas), two chromium
chemicals manufacturing plants located in Germany (Leverkusen and Uerdingen) and one
chromium chemicals manufacturing plant in the United Kingdom (Eaglescliffe, England) (the

“IHF Plant Study™).



5. The IHF Chromium Chemicals Health and Environmental Committee’s purpose
in commissioning the IHF Plant Study was to conduct a large study to better assess and
understand the cancer risk associated with exposure to hexavalent chromium at the facilities
involved in the IHF Plant Study. Applied Epidemiology was contracted to undertake the IHF

Plant Study.

6. In 1999, it became apparent that the data from the Eaglescliffe, England plant
would not be compiled in time to be included in the IHF Plant Study, so it was eliminated from

the [HF Plant Study.

7. One significant challenge of the IHF Plant Study was that worker exposure in the
US plants had been measured by personal air monitors, while the primary measure of exposure in

the German plants was through analysis of chromium in the urine of the workers.

8. In order for Applied Epidemiology to analyze the entire data set as one, it had to
create a conversion factor to convert air concentrations measured by the personal air monitors to
urine chromium levels. This required Applied Epidemiology to make some very substantial

assumptions.

9. After making such assumptions, Applied Epidemiology came up with a single
conversion factor that it used to convert all of the air monitoring exposure valuations to urine

chromium levels.

10. Applied Epidemiology then broke the cohort into four different groups based on
relative exposure levels. For each exposure group, Applied Epidemiology compared the number

of persons within each group who had contracted lung cancer with the number of people that



would be expected to contract lung cancer in the group based on statistics from the general

population in the locals where the plants were situated.

. The highest exposure group, the persons with exposures of >200 pg/L, contained
a total of 117 workers. Of this number of workers, there were 12 cases of lung cancer. When
compared with the number of cases that would be expected in the general population based on
historical reporting, 5.72 expected cases, Applied Epidemiology concluded that number of actual
cases of lung cancer in this group indicated that there was an elevated risk of contracting lung

cancer exhibited by this group.

12.  None of the other groups showed a statistically significant increase in the number
of cancer cases. Specifically, the exposure group 0-39.9 ng/L had 4 reported cases of lung
cancer, with 6.37 expected,’ the exposure group 40-99.9 ng/L, had 4 reported cases of lung
cancer, with 4.20 expected, and the exposure group 100-199.9 pug/L, had 5 reported cases, with

5.30 expected.

13.  The results of the IHF Plant Study did not identify any substantial risks associated
with hexavalent chromium that had not been previously reported. Numerous prior studies,
including the 2000 EPA-funded study authored by Dr. Herman Gibb and othess, had identified
the same substantial risks of exposure to hexavalent chromium that were identified in the JHF

Plant Study.

14, Inearly 2002, I provided a draft of the report on the IHF Plant Study to the IHF

Chromium Chemicals Health and Environmental Committee. The report was entitled the

' The number of expected cases for this exposure group was incorrectly reported to be 2.97 in the September 27,
2002 version of report on the THF Plant Study. An amended version of the report was issued in April 2003 after this
error was found. The April 2003 version of the report correctly reported the expected number of cases of lung
cancer to be 6.37.



“Collaborative-Cohort Mortality Study of Four Chromate Production Facilities, 1958-1998,
Final Report” (the “Report”). I also provided draft copies of the Report for review and comment
to the Scientific Advisory Board (“SAB”) convened by Applied Epidemiology in connection
with the study. The SAB consisted of professors James Stewart, Ph.D. of Harvard University,
Harvey Checkoway, Ph.D. of the University of Washington and Edwin van Wijingaarden, Ph.D.

of the University of North Carolina.

15. I e-mailed the “final” Report dated September 27, 2002 to the members of the

IHF Chromium Chemicals Health and Environmental Committee on October §, 2002,

16. I presented, in person, the results of the I[HF Plant Study at the IHF Chromium

Chemicals Health and Environmental Committee meeting on October 15, 2002,

17. During the October 15, 2002 meeting, I reported to the IHF Chromium Chemicals
Health and Environmental Committee that I had presented the results of the IHF Plant Study at
the EPICOH international conference on Epidemiology in Barcelona, Spain in September 2002.

This conference is a periodic gathering of the world’s preeminent occupational epidemiologists.

18.  Before the October 15, 2002 meeting of the IHF Chromium Chemicals Health and
Environmental Committee, and at the meeting, the THF Chromium Chemicals Health and
Environmental Committee discussed with me the proposition that the Report be divided into
parts for publication since the German exposure levels were significantly higher and the data
were primarily urinary chromium measurements, while the US exposure levels were lower and

based on atr sampling data.



19. The IHF Chromium Chemicals Health and Environmental Committee also
discussed the complications and problems associated with correlating urinary chromium
measurements with air sampling data. 1 confirmed with the IHF Chromium Chemicals Health
and Environmental Committee that similar concerns and issues about combining the cohorts had

been discussed with me by peers at the September 2002 EPICOH conference.

Koty 4

KENNETH A. MUNDT, PH.D.

Sworn to and subscribed
before me this “’L day

of May, 2011.
Woi b %r%:
NOTARY PUBLIC

My commission expires: < /!/20L3
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Elementis Chromium Inc,
f/k/a Elementis Chromium, L.P.,
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Respondent.

AFFIDAVIT OF HERMAN J. GIBB, Ph.D., M.P.H.

1. I, Herman J. Gibb, Ph.D., M.P.H., am President of Tetra Tech Sciences, a health
and environmental risk assessment company consulting company in Arlington, Virginia.

2. I have a Ph.D. in epidemiology (Johns Hopkins University School of Hygiene and
Public Health, 1989) and an M.P.H. in Environmental Health (University of Pittsburgh Graduate
School of Public Health, 1974).

3. I am the Chairman of the Chemical Task Force of the World Health
Organization’s Food borne Epidemiology Reference Group and a member of the Pool of
Scientific Advisors of the European Commission (EC) appointed by the EC’s Health and
Consumers Directorate-General.

4. I am a Lecturer in Environmental and Occupational Health at the George
Washington University School of Public Health at the George Washington University School of
Public Health and Health Services.

5. Prior to joining Tetra Tech Sciences in January 2004, I served in several positions

at the National Center for Environmental Assessment at the U.S. Environmental Protection



Agency (“EPA™) including Associate Director for Health, Assistant Center Director, and staff
epidemiologist. [ was employed at EPA from October 1974 until January 2004.

| 6. While at EPA, I provided consultation to several foreign governments particularly
on issues related to metals and served on a number of Task Groups and Review Boards of the
International Program on Chemical Safety (IPCS).

7. I am the author or co-author of numerous publications on epidemiology and
health risk assessment. [ have been the speaker, including the keynote speaker, at various
international symposia on health risk assessment. [ was co-author of the International Program
on Chemical Safety’s Environmental Health Criteria Document, Principles for the Assessment of
Risks to Human Health from Exposure to Chemicals and EPA’s An Examination of EPA’s Risk
Assessment Principles and Practices. 1received EPA’s Gold Medal for Exceptional Service for
my analysis of the epidemiologic studies on arsenic, EPA’s Award for September 11 Activities,
World Trade Center Particulate Matter Toxicological Assessment Team, and numerous EPA
bronze medals for my risk assessment work.

8. I am the senior author of two journal articles describing an epidemiologic study of
workers at a chromate production facility in Baltimore, MD (Gibb et al. 2000a, Gibb et al.
2000b). The study was conducted and the papers were published while [ was an employee at
EPA, and EPA funded this study. Gibb et al. (2000a) describes the analysis of lung cancer risk
among the workers; Gibb et al. (2000b) describes clinical irritation among the workers. For the
work on the study of lung cancer risk, I was honored by EPA’s Scientific and Technological
Achievement Award. The citation for the award states that the study was the “Most detailed and
significant study of the lung and clinical irritation risks from chromium exposure ever

conducted.” The study became a critical part of the Occupational Safety and Health



Administration’s (OSHA) Permissible Exposure Limit (PEL) on hexavalent chromium. [ was
asked by OSHA to be the lead witness at OSHA’s public hearing on the proposed PEL in 2005,
The PEL was finalized in 2006. The National Institute of Occupational Safety and Health made
Gibb et al, (2000a) the basis of its Recommended Exposure Limit (REL) on hexavalent
chromium. The REL was proposed in September 2008 as part of its “Criteria Document Update
— Occupational Exposure to Hexavalent Chromium” and I was invited to a public hearing in
Cincinnati to serve as a peer reviewer on the proposed document, The document is expected to
be released in 201 1.

9. The “Collaborative-Cohort Mortality Study of Four Chromate Production
Facilities, 1958-1998, Final Report” prepared by Applied Epidemiology dated September 27,
2002 (hereafter referred to as Mundt et al. 2002} provides no new information with respect to the
respiratory risk of hexavalent chromium and does not add to the knowledge base on the lung
cancer risk from occupational exposure to hexavalent chromium.

10. It has been known for at least 60 years that exposure to hexavalent chromium
increases the risk of lung cancer. EPA contends that the Mundt et al. (2002) report fills a critical
gap for “modern” chromium facilities using low-lime or no-lime kiln manufacturing. Low lime
or no lime processing reduces or eliminates exposure to calcium chromate. At one time, it was
theorized that calcium chromate was the hexavalent chromium compound responsible for the
increased respiratory cancer risk in chromate production facilities. That theory was dismissed by
EPA (1984) over a quarter of a century ago in favor of the theory that all hexavalent chromium
compounds should be considered carcinogenic. The position that all hexavalent chromium

compounds should be considered carcinogenic is shared by multiple federal and international



health risk assessment authérities (NIOSH 2008, OSHA 2006, IARC 1997, Health Canada 1994,
NTP 2010).

11.  With respect to the respiratory cancer risk at “modern” facilities, EPA has never
considered there to be a threshold to the carcinogenic risk from hexavalent chromium, and since
1984 has used a linear model to estimate the lung cancer risk expected from low dose exposure
(U.S. EPA 1984; U.S. EPA 2010). In other words, regardless of how “modern” a facility is,
EPA, as well as others in the scientific community (NIOSH 2008; OSHA 2006), considers any
hexavalent chromium exposure t(; present some lung cancer risk.

12.  Furthermore, the Baltimore facility studied by Gibb et al. (2000a) could also be
considered “modern.” Gibb et al. (2000a) is the basis of the OSHA Permissible Exposure Limit
on hexavalent chromium and the basis of the proposed NIOSH Recommended Exposure Limit.
The Baltimore facility studied by Gibb et al. (2000a) was rebuilt in 1.950 (a chromium production
plant had existed at that location since the 19" century), and major modifications were made in
1960 to improve the industrial hygiene.

13. It has been EPA’s position for over a quarter of a century that increasing exposure

to all hexavalent chromium is associated with increasing lung cancer risk.

N%Mwﬁ‘l‘ml D.E.,
Subscribed and Sworn
this {500 o 1o, before me HERMAN J. GIBB, Ph.D., M.P.H.

Sworn to and subscribed
before me this 13+ day of
May, 2011

Notary Public

TRICIA M. FARRINGER
NOTARY PUBLIC DISTRICT OF COLUMBIA
My Commission Expires Oct. 31, 2013
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Lung Cancer Among Workers in
Chromium Chemical Production

Herman ). Gibb, rhp,'* Peter S. J. Lees, php,” Paul F. Pinsky, pho,>
and Brian C. Rooney, ms®

Background An elevated risk of lung cancer among workers in chromate production
facilities has previously been reported. This excess risk is believed to be the result of
exposure to hexavalent chromium. There have been mixed reports about whether trivalent
chromium exposure is also associated with an excess lung cancer risk. Previous studies of
measured hexavalent chromium exposure and lung cancer risk have not examined
cigaretie smoking as a risk factor.

Methods A cohort af 2,357 workers first employed between 1950 and 1974 at a chro-
male production plant was identified. Vital status of the workers was followed until
December 31, 1992. Work histories of cohort members were compiled from the beginning
of employment through 1985, the vear the plant closed. Annual average exposure
estimates, based on historical exposure measurements, were made for each job litle in the
plant for the years 1950—1985. These exposure estimates were used to calculate the
cumulative hexavalent chromium exposure of each member of the study population.
Following closure of the plant, settled dust samples were collected and analyzed for
hexavalent and trivalent chromium. The trivalent/hexavalent concentration ratios in each
plant area were combined with historic air-sampling data to estimate cumulative
trivalent chromium exposure for each individual in the study cohort. Smoking status (yes/
no} as of the beginning of employment and clinical signs of potential chromium irritation
were identified from company records.

Results Cumulative hexavalent chromium exposure showed a strong dose-response
relationship for lung cancer. Clinical signs of irritation, cumulative trivalent chrominm
exposure, and duration of work were not found 1o be associated with a risk of lung cancer
when included in a proportional hazards model with cumulative hexavalent chromium
exposure and smoking. Age-specific data on cumulative hexavalent chromium exposure,
observed and expected numbers of lung cancer cases, and person-years of observation
are provided,

Conclusion Cumulative hexavalent chromiwm exposure was associated with an
increased lung cancer risk; cumulative (rivalent chromium exposure was nol. The
excess risk of lung cancer associated with cumulative hexavalent chromium exposure was
not confounded by smoking status. The current study offers the best quantitative evidence
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to date of the relationship between hexavalent chromium exposure and lung cancer. Am.
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chromium, exposure response

INTRODUCTION

An excess risk of bronchogenic carcinoma was reported
among workers in the German chromate-producing industry
prior to World War i, but the conclusion that chromates
should be considered as carcinogenic was not generally
accepted by the medical profession in the United States untii
after the war [Public Health Service, 1951]. Following the
war, several studies of the lung cancer risk among chromate
production workers in the United States reported that an
increased lung cancer risk did indeed exist [Machle and
Gregorius, 1948; Baetier, 1950; and Mancuso and Hueper,
1951]. As a result of these reports and additional reports
from other countries, the U.S. Public Health Service (PHS)
was requested to conduct an evaluation of the lung cancer
risk in the U.S. chromate production industry and to make
recommendations with respect to potential medical and
engineering conlrol measures. In 1951, the PHS report on
the Health of Workers in the Chromate Producing Industry
was issued. It concluded, based on environmental investiga-
tions and medical examinations at six chromate production
plants and on a stedy of the mortality and morbidity
experience of male members of “sick benefit associations”
in seven chromate-producing plants that workers in the
American chromate production industry did have an excess
risk of bronchogenic cancer. The report further concluded
that while chromium in some form was implicated, the exact
causative agent had not yet been determined.

In 1980, the International Agency for Research on
Cancer concluded that “chromium and certain chromium
compounds” were known human carcinogens [IARC,
1980]. The U.S. EPA [1984], using IARC [1980] guidelines
of classification, concluded thal hexavalent chromium
compounds were known human carcinogens but that
trivalent chromium compounds could not be classified.
JARC [1987] concluded that hexavalent chromium was a
known human carcinogen and that metallic and {rivalent
chromium could not be classified. IARC [1990], ATSDR
[1993] and Health Canada [1994] all indicated that an
increased risk of lung cancer has been consistently
demonstrated in studies of the chromate preduction, chrome
plating, and chrome pigment production industries.

The EPA health assessment document [1984] estimated
the excess lifetime lung cancer risk due to air containing
1 pg/m® hexavalent chromium based on the results reported
by Mancuso [1975}. The Mancuso study also formed the
basis of quantitative estimales of lung cancer risk by the

Government of Canada [1994] and by K.S. Crump Division
[1995]. The EPA document noted several limitations in the
Mancuso data for exposure—response assessment of the
lung cancer risk of hexavalent chromium: (1} risk was
presented by exposure group and age for total chromium
exposure but not for hexavalent chromium exposure; (2) no
smoking data were available on the workers; and (3) the
industrial hygiene survey that was relied on by Mancuso for
his exposure estimates was done in 1949, while Mancuso’s
cohort was defined as having begun employment between
1931 and 1937, The current study has advantages over the
Mancuso study for quantitative assessment of the lung
cancer response (o hexavalent chromium for a variety of
reasons which will be discussed below.

As indicated above, the evidence of carcinogenicity of
trivalent chromium is generally considered to be inadequate.
Mancuso [1975], however, concluded that exposure to
trivalent chromium was associated with an increased risk of
lung cancer and maintained this position in his 1997 update
of the study [Mancuso, 1997a]. Although airborne concen-
trations of trivalent chromium are greater than hexavalent
chromium in chromate production facilities, these two
exposure measures are generally correlated, and it is
difficult to separate the effects of the two. The current
study evaluates the risk of lung cancer from both trivalent
and hexavalent chromium exposure.

MATERIALS AND METHODS

The cohort for the current study is based on that
identified by Hayes et al. [1979] at a chromate preduction
plant in Baltimore, MD. Hayes et al. identified 4,217
workers newly employed between January 1, 1945 and
December 31, 1974, The cohort defined by Hayes et al.
excluded workers employed less than 90 days (N = 1,915},
women (N=16{), and those with unknown length of
employment (N==24}, work history (N =16), and/or age
(N=1). The resulting study group of 2,101 persons
included 1,803 hourly employees and 298 salaried employ-
ees. The current study excluded those in the Hayes et al.
cohort who began work before August |, 1950 (N =734}
because on that date, the construction of a new mill and roast
and bichromate plant was completed and extensive exposure
information began to be collected. It was also decided to
include workers in the current study who worked less than
90 days bul began employment after August 1, 1950
(N =990, 10 expand the size of the low exposure group.



The resulting group of 2,357 males constituted the cohort
for this study.

In the Hayes et al. study, the vital status of the cohort
was followed through July 1977 by a variety of means
{e.g., Social Security Administration, Department of Motor
Vehicles, voter registration lists, etc.). The current study
utilized the National Death Index {McMahon, 1983] to
identify deaths between January 1, 1979 and December 31,
1992, The Naticnal Death Index began on January 1, 1979
and thus was not available to Hayes et al. at the time of their
study. Between July 1977, the end of foliow up of the Hayes
study, and December 31, 1978, the current study ulilized
Social Security data to determine deaths amoeng cchort
members. Death certificates were requested from the states
where the former employees died. Causes of death were
coded to the 8th Revision of the 1CDA. Person-years of
observation were calculated from beginning of employment
until death or December 31, 1992, which was the last date to
which the National Death Index was queried for the current
study. Work histories on all the workers were updated
through July 1985 when operations at the plant ceased. The
work histories in the Hayes et al. study were available
through 1974.

Smoking status {yes/no) as of beginning of employment
was identified for 2,37 {93.3%) of the cohort of 2,357 from
company medical records. Data on cigarette, pipe, and cigar
smoking were included.

Exposure

The hexavalent chromium exposure of each member of
the cohort was estimated for the duration of their employ-
ment at the chromale preoduction facility. Exposure
eslimates were assigned by job title and based on approxi-
mately 70,000 contemporary measurements of airborne
hexavalent chromium concentration spanning the study
period. These exposure estimates were merged with each
study member’s work history to provide a profile of annual
average exposures throughout their period of employment at
the chromate production facility.

Immediately following the completion of the new
production facility in 1950, -a program of routine air
sampling for hexavalent chromium was undertaken. The
air sampling program was highly unusual in that it was
based on a written document that clearly specified the
objectives of the program and strategies for air sampling.
Historically, and to a large extent continuing to the present
day, industrial hygiene air sampling has focused on the
identification of problems and as a result has been a biased
measure of the entire worker population exposure in a
facility. According to the facility’s program, air sampling
was undertaken in order to characterize “‘typicalfusual
exposures” of workers. This point is particularly relevant to
the conduct of this epidemiologic study in that the resulting
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exposure estimates can be reasonably assumed to represent
average exposures.

During the period from 1950 (o 1961, airborne dust
samples were collected using high volume air sampling
pumps and impingers with the sampling wand held by the
industrial hygienist in the worker’s breathing zone. The
resuliing exposure estimates were, of necessity, the result of
short-term {tens of minutes) samples. Beginning in the mid-
1960s a system of exposure estimation based on 24-hour
routing measurements at fixed-site monitors throughout the
facility combined with routine observation of how much
time job titles spent in the vicinity of each of these monitors
was instituted. In this system, approximately 20 RAC tape
air samplers (Research Appliance Co., Allison Park, PA)
were rotated through 154 fixed sites, representing discrete
“exposure zones,” in and around the production complex.
Twenty-four 1-hour air samples were collected per day at
each sampling location, (After 1979, the number of fixed
siles and associated exposure zones was reduced to 27 and
sampling was reduced to eight 3-hour samples at each
location.) Direct daily observations by a plant employee of
the location of persons (specified by job titles) with respect
to these samplers were used to calculate job title-based
exposure estimates by multiplying the fractional person-
time spenl by given job litle in each sampling zone and
summing these fractions. This system remained in use until
1985 when the plant closed. Beginning in 1977, this system
was supplemented by routine full-shift personal sample
cotlection, again based on job litle, using NIOSH standard
method P and CAM 169 [NIOSH, 1974]. Despite differen:
dust collection methods throughout the period of this study,
the sample analytical method remained essentially constant,
using minor variants of the s-diphenylcarbazide colori-
metric method; all analyses were conducled by an in-house
laboratory.

The first step in the exposure estimation process was (o
convert all measurements to a common basis. During
different time periods, airborne contaminant concentrations
were presented in terms of mass of Cr and CrOs; for this
study all measurements were converted to CrO;. Measure-
ments used in this report are thus mg CrOs/m?, the metric
used by the U.S. Occupational Safety and Health Admin-
istration [OSHA, 2000] in its current Permissible Exposure
Limit for chromic acid and chromates. Note that the current
Threshold Limit Value for soluble chromium published by
the American Conference of Governmental Industrial
Hygienists [1999] is specified in terms of mass of Cr.

Exposure estimates derived from the area sampling
system described above were adjusted to an equivalent
personal exposure estimale using job-specific ratios of the
mean area and personal sampling exposure estimates for the
period 1978-1985 when both systems were in use. The
comparison of exposure estimates derived from area and
personal samples showed no significant differences (ie.,
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ratio approximately 1) for approximately two-thirds of the
job titles with a sufficient number of samples to make this
comparison. For the remaining job titles, virtually all of
which were associated with a significant point source of
contamination and including job titles such as “soda
packer” and “chromic acid packer,” the area sampling
method was found to significantly underestimate personal
exposure estimates and were, thus, adjusted by the ratio of
the two.

Exposure estimates were used to comstruct a job
exposure matrix (JEM) displaying annual average exposure
for each job title. The JEM included entries for annual
average exposure estimates for 114 job titles and 36 years.
{As jobs titles were eliminated and consolidated over the
years, il was not necessary to provide exposure estimates
for all cells in the matrix.) Wherever air sampling data
were available, the annual average concentration was
enlered directly into the JEM. Data were virtually complete
for most job titles for the years 19711985 and fairly
complete for fewer job titles for the years 19501956 and
1960-1961. Although there is indirect evidence that air
sampling was conducted in the interim periods, exposure
measurements could not be located for these years.

Exposures were modeled for the cells in the JEM
without direct measures. A protocol for utilizing the existing
data to model missing cells in the matrix was developed
and followed (o provide a uniform approach (o estimate
historic exposures from existing exposwre data. Several
exposure estimation methods were used. The primary
estimator for missing data was based on a simple model
using the ratio of the measured exposure for a job title to
the average of all measured job titles in the same depart-
ment. A hierarchy was established in which data available
for the closest year were used. This approach was found to
produce stable and robust estimates of exposure. For periods
in which there were extensive missing data, primarily the
data gap in the 1960s, exposures were estimated through a
simple straight-line interpolation between years with known
exposures.

Airborne trivalent chromium concentrations were never
measured in the facility. Using a method similar to that
employed by Mancuso [E975, 1997a} to estimate the
hexavalent chromium exposures, airborne trivalent dust
concentrations were estimated through the use of measured
airborne hexavalent chromium concentrations and the ratio
of hexavalent chromium concentration to trivalent chro-
mium concentration in settied dust in the facility. This
approach is based on the assumptions that the Crt*:Cr+®
ratio of the settled dust collected was representative of the
ratio when the facility was in operation, that the Cr*:Cr®
ratio in respirable airborne dust was the same as that in the
settled dust, and that this ratio did not change from 1950 to
1985. There is no way to verify or refute any of these
assumptions.

Seveaty-two composite seitled dust samples were
collected at or near 26 of the 27 fixed-site air monitoring
stations approximately 3 years after the facility closed. The
facility had been sealed from the ambient environment with
very limited access during this period. The dust samples
were extracted and analyzed for hexavalent chromium
content using ion chromatography; trivalent chromium
content was determined through inductively coupled plasma
spectroscopic analysis of the residue. The Cr™*:Cr*® ratio
was calculated for each area corresponding to the air
sampling zones and the measured hexavalent chromium air
concentration adjusted based on this ratio. The mean
Crt3.Cr*8 ratio was 6.2 and ranged from 0.02 to 77 across
these zones (two zones with only trace Cr*® were excluded
{from the data summary). As described previously, worker
exposures were calculated for each job title, and weighted
by the fraction of time spent in each air monitoring zone.
The Cr**:Cr*® ratio was derived in this manner for each job
title based on the distribution of time spent in exposure
zones in 1978. Hexavalent chromium exposure estimales in
the JEM were multiplied by this ratio (o estimate (rivalent
chromium exposures. The resulting mean Crt*:Cr'*® ratio
for individual job titles was 17 and ranged from [.2 to 64, A
separate JEM for trivalent chromium exposures was thus
constructed and used in conjunction with subject work
histories to provide individual profiles of trivalent chromium
exposure for analysis.

Statistical Methods

Observed-to-expected mortality ratios were calculated
{or various causes of death for whites and nonwhites and the
total cohort. Expected deaths were calculated using age-,
calendar-, and race-specific U.S. mortality rates. The
expected lung cancer deaths were a fotal of the expected
lung cancer deaths for whites, nonwhites, and those with
unknown race. The expected {ung cancer deaths for those
with unknown race was estimated from what would be
expected if they had a race distribution similar to those for
whom race was known.

Observed-to-expected ratios of lung cancer mortality
were calculated for whites, nonwhites, race unknown, and
the entire cohort by cumulative exposure guartile. Cumu-
lative exposure was calculated in a dynamic fashion. In
other words, for each person at any given age, comulative
exposure was counted as the exposure up to that age, lagged
5 years (i.e., only exposure occurring 5 years before a given
age was counted). Although cumulative exposure was
calculated in a dynamic fashion, the cul points for the
quartiles are those that divide the persons in the cohort into
four equal groups based on their cumulative exposure at the
end of their working history. Expected deaths were
estimated using race-, age-, and calendar year-specific
mortality rates for the Stale of Maryland using OCMAP



[Marsh and Preininger, 1980]. Maryland, rather than U.S.
rates, were used for this part of the analysis since Maryland
has one of the highest lung cancer mortality rates in the U.S.
[Riggan et al., 1983]. The lung cancer rates in Maryland are
heavily influenced by the rates in Baltimore City which has
even higher lung cancer rates than the State of Maryland
(and is where the chromate production plant was located),
but the Maryland rates were chosen because many of the
deaths occurred in Maryland cutside of Baltimore City
(16%) and many occurred in other states (39%). A table of
age-specific observed and expected hung cancer deaths and
the person-years of observation by cumulative hexavalent
chromium exposure was developed for the total cohorl,
again estimating cumulative exposure in a dynamic fashion
and lagping exposures 5 years.

Proportional hazards models [Cox, 1972] using age as
the time variable and cumulative exposure as a time-varying
covariate were used to assess the relationship of chro-
mium exposure to the risk of lung cancer, Various expo-
sure metrics [e.g., cumulative exposure with different lag
periods, average exposure (cumulalive exposure/duration of
work) with different lag periods, duration of work, etc.]
were evaluvated. Final models were developed for each
exposure measure using a forward step-wise procedure with
a P-value for entry and exit of 0.05; P-values were derived
using the likelihood ratio test. The variables considered for
inclusion were race (white/nonwhile/unknown), calendar
decade, and cigarette smoking, in addition to the exposure
measure.

The association of lung cancer with 10 different clinical
findings of potential chromium irritation observed in the
study cohorl (irritated nasal seplum, ulcerated nasal septum,
perforated nasal septum, bleeding nasal septum, irritated
skin, ulcerated skin, dermatitis, burn, conjunctivitis, perfo-
rated eardrum) was examined in 2 x 2 tables and by 10
different Cox proportional hazards models. These clinical
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findings were identified by routine examination and through
complaints reported by the individual to the health clinic at
the plant. All findings were diagnosed by a physician. In the
Cox model, the clinical finding was time-varying in that the
variable was treated as O for the person-years prior to the
first onset of the finding and 1 afterward.

RESULTS

There was a total of 70,736 person-years of observation.
A summary of selected causes of death is reported in Table L.
These causes were selected from 55 causes of death that
were examined because either white, nonwhite, unknown, or
the total showed a significant excess or deficit risk. Deaths
from all cancers, cancer of the lung, mental disease,
psychoneurotic, and personality disordess, and suicide were
significantly elevated in the total cohort. Deaths from cancer
of the prostale and arteriosclerotic heart disease were
elevated in the tolal cohort but of borderline significance.
There was a deficit of deaths from accidents that was of
borderline significance among nonwhites; this deficit was
not statistically significant among whites or race unknown
or in the total cohort.

Table II provides a description of the entire cohort, the
lung cancer cases, and the noncases by selected continuous
variables,

There were {wo categorical variables used in the
analyses—race and smoking. The cohort included 1,205
(51%) whites, 848 (36%) nonwhites, and 304 (12.9%) race
unknown. Seventy-one (58%) of the 122 lung cancer cases
occurred in whites, 47 (39%) in nonwhites, and 4 (3%) in
race unknown. A comparison by race of selected continuous
variables is found in Table HE. A description of the smoking
status of the cohort is provided in Table I'V. As indicated
previously, smoking status was reported as of date of first
employment.

TABLE . Observed/Expecied Ratios for Selected Causes of Death; Chromium Chemical Production Workers, USA?

White Nonwhite Race unknown” Total

Cause of death 0 O/E 95%Cl 0 WE 85%Cl 0 0/E 95% Gl 0 0/E 85% Gl

Allcauses 472 109 100-120 323 102 091-114 60 100 076-12% 855 106 089-113
Allcancers 120 114 094-136 9% 144 117175 B 1.2 069-197 235 125 1i0-142
Arteriosclerotic heari disease 194 107 091-126 84 132 105-163 14 105 057176 252 114 101-129
Gancer ofiung 71 186 145234 47 188 136251 4 083 022-213 122 180 149-214
Gancer of prostate 5 oA 0.23-167 1 203 101-3863 0 90 0-556 6 122 100198
Mental, psychoneurotic, and § 244 105--4.82 10 178 085-327 6 581 2051221 24 241 154-3.58

personality disorders

Suicide 9 081 042-173 g 294 1.34-5868 190 0.32-554 21 166  106-248
Accidents 25 088 064145 1B 080 034-08% 2 033 004-12 42 075 054-101

3txpecled dealhs are based on age-, race-, and calendar-year specific rates for the USA.

O The expecled deaths for those with race unknown was eslimated fram what would be expected if hey had arace distribution similar o those for whom race was knowa.
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TABLE 1. Descriptionof Entire Cohort by Cumuiative Hexavalent Chromium Exposure, Cumulative Trivalent Chromium Exposure, Years of Work at the Plant, Age
at Hirg, Years of Follow up, and Calendar Year of Hire [N {Total Group} = 2,357, N {Lung Cancer Cases) = 122, N (Noncases) = 2,235% Chremium Chemical
Production Workers, USA

Variahble Gumulative hexavalent Cumuiative trivaient Calendar year
ghromium exposure chromium exposure Years of of hire

Statistic {mg/m*-years) {mg/m*-years) Work years follow up Age at hire {19XX)
Mean

Tatal group 0134 198 31 300 302 577

Lungcancer cases 0.290 357 53 278 333 535

Nencases 0125 180 30 304 300 580
Standard deviation

Total group 0357 528 65 96 75 i

Lung cancer cases 0620 1.3% 91 85 88 41

Noncases 0335 513 6.3 a7 74 78
Median

Total group 0009 on 039 312 286 54

Lung cancer cases 0.016 0.22 0.84 289 316 53

Noncases 0009 om 041 313 285 54
Min/max

Total group 0/5.3 /647 0.003/37.7 03423 16.9/62.9 50/74

Lung cancer cases 0741 0/36.4 0003/32.2 6.4/42.2 21.2/62.6 50/73

Noncases 0/5.3 0/64.7 0.003/379 03424 16.9/62.9 50/ 74
25thpercentile

Total group 0001 0014 0088 226 24.3 51

Lung cancer cases 0.002 0.024 0167 221 26.3 51

Noncases 0001 0014 0085 227 243 51
75th percentile

Total group 0.076 098 20 389 344 65

Lung cancercases G226 279 46 351 392 54

Noncases 0072 094 20 392 342 65

There was a high proportion of cigarette smokers and

“any smoking”

tively), nonwhites {82 and 86%, respectively), and race
unknown (79 and 81%, respeclively). The vast majority of
the lung cancer cases occurred among cigarette smokers

TABLE IlI. Comparison of Mean Age at Hire, Mean Work Duration, Mean Fotlow-up, and Mean Cumuiztive
Hexavalent and Trivalent Chromium Exposure By Race; Chromium Chemical Production Werkers, USA

Mean
sumulative
Mean cumulative trivalent
Mean work Mean hexavalent chromium
Meanage duration fotlow up chromium exposure exposure
Race athire {years) {years} {mg/ms-years) {mg/m>-years)
White (N == 1205) 314 33 316 013 188
Nonwhite (N = 848} 289 37 291 018 2.79
Unknown (N = 304) 286 06 264 0.03 0.28

{116} vs. nonsmokers (4). For two lung cancer cases, the
smoking status was unknown.

Table V presents the numbers of observed and expected
lung cancer deaths, the observed-10-expected ratios, person-
years of observation, and the mean cumulative hexavalent

among both whites (83 and 86%, respec-
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TABLE V. Smoking Status of the Cohort; Chromium Chemical Production Warkers, USA

Smoking status
Smoking category Yes No Unknown
Cigarette smoking 1,753 {82%) 384 (18%) 220
Any smolking {includes cigarettes, cigars, and pipes) 1,834 (86%} 307 (14%} 216

TABLE V. Observed and Expected Lung Cancer Deaths, Person-years of Observation, Observed to Expected Ratios, and Cumulative Hexavalent Chromium

Exposure By Age®; Chromium Chemical Production Warkers, USA

Range of Age

cumulative exposure

tmg Croy/m*-years) 20-29 30-39 4043 50-59 6069 70-79 80+

0—-0.00149 Observed lung cancer deaths 4 1 0 i4 8 2 1
Expected lung cancer deaths 0018 039 2.50 756 10.79 500 088
Person-years of ohservation 5,003 7684 6,509 5184 3,104 865 163
Observed/expected 0 248 0 185 074 046 113
Mear exposure (mg Cr0y/m-years)  0.00021 060041 000051 009053 0.00050 00046 0.00040

09015000089 Observed iung cancer deaths 0 0 2 10 1 4 2
Expected lung cancer deaths 0.001 018 197 6.09 7.85 325 0.44
Person-years of observation 349 3139 4,643 3928 2183 558 79
Observed/expected 0 0 102 164 127 123 455
Mean exposure {mg Cr0/m°-years) (.0042 00043 00043 00042 00042 (0038 00037

000900769 Observed lung cancer deaths 0 0 3 10 1 4 2
Expected lung cancer deaths 0002 019 193 570 756 3.26 0.38
Person-years of observaticn 457 3520 4,732 3,720 2128 558 78
Observed/expected 0 0 156 175 144 123 b2t
Mean exposure (mg/m’-years) 0031 0031 0030 0030 0.028 0029 0gz7

0077-525 Observed lung canger deaths 0 ¢ 8 8 18 3 1
Expected lung cancer deaths 0.001 017 182 563 6.71 248 018
Person-years of cbservation 200 2874 4,284 3663 1826 423 29
Ohserved/expected 0 0 441 142 258 121 543
Mean exposure {mg Crdz/m’-years) 0.21 033 041 D52 063 078 0.86

*Expecled lung cancer deaths in this labie are based on age-, race-, and calendar-year spacilic rates for the Stale of Maryland. The expected lung cancer deaths for those with race unknown was
estimated from what would be expected if they had a race distribution similar to those for whom race was known. Cumulalive exposure s tagged 5 years.

chromium exposure by age calegory. The table has been
further organized by cumulative exposure quartiles.

Table VI is an examination of lung cancer observed-to-
expected ratios by race {white, nonwhite) and for the total
cohort for the four cumulative hexavalent chromium expo-
sure quartiles. For whites, the lung cancer risk increased
from the first to the second quartile, leveled off in the third
quartile and decreased in the fourth quartile. For nonwhites
the lung cancer risk was not significantly elevated except for
the fourth quartile. For those with race unknown, there were
few lung cancer deaths. The total cohort, however, demon-
strated a monotonic exposure—response relationship bet-

ween cumulative hexavalenl chromium exposure and lung
cancer observed-to-expected ratio.

As indicated in the Methods section, proportional
hazards models were used to assess the relationship between
chromium exposure and the risk of lung cancer. Log
transformation of cumulative exposure (for both cumulative
trivalent chromium exposure and cumulative hexavalent
chromium exposure) was found to improve the fit of the
model (i.e., greater X statistic) as compared to using the
untransformed exposure measure. This improvement was
seen with all lag periods considered; with a 5-year lag the x?
increased from 33.9 to 42,1 for hexavalent chromium and
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TABLE VL. Lung Cancer Observed and Expected Deaths, PersonYears of Observation, and Observed-to-Expected

Ratios By Race for the Four Exposure Quartiles; Chromium Chermical Production Workers, USA®

Cumulative hexavalent Race
chromium exposure
(my Cr0,/m°-years) White Nonwhite Unknown Total
0/E=1083 WE=115 0/E =123 0/E =086
0-000149 (95% Cl = 0.47,1.35)  (95% CE=055207) (95%C1=0332)  (95%Cl=0631.38)
Mean = 0.00045 0 =14, E=16.81 0= 9,E =785, 0=3E=244 0=26E=271
PY =16,299 PY = 8,400 PY = 3,813 PY = 28,512
OE=210 0/E=083 OE=0 0/E =142
00(15—-00089 O5%Cl =131,336) (95%Cl=042,172) (95%Cl=0,23) (95%Cl =0.95,201)
Mean == 0.0042 0=20E=954 0=8E=2863 0=0E=163 0=28E=19.80
PY = 7330 PY == 5,296 PY =2253 PY =14,879
0/E=2M1 QE=116 QE=0 0fE =157
0009-0.0769 (95% 01 =1.33,335) (95%C1==0.55208) {95%Ci=10,27) (95%Cl =107,2.20
Mean = 0.030 0=21,E=982 0=8E=77% 0=0E=:138 0==30,E=191
PY = 7959 PY = 5,588 PY =1647 PY == 15,184
O/E=171 0/E=287 0/E=286 O/E=224
0077-525 (95%Cl =1.00,269) (95%Cl=181429) (S5%Ci=02,126)  (95%Cl=160,3.03)
Mean = 0.449 0=16,E=935 0==21, =730 0=1E=035 0==38E=170
PY = 7,149 PY = 5,716 PY = 544 PY ==13,409

Fxpected ungoancer dealhs in this table are based on age-, race-, and calendar year-specific rates for the Stale of Maryland. The expecled lung
cancer deathsforthosewithrace unknownwas estimated fromwhat would be expeciedif they had arace disteibution similar tothosefor whomrace

was known. Cunulative gxposure s lagged 5 years.

from 28.8 to 38.9 for trivalent chromium, Square root
transformalions gave a poorer it than did log transforma-
tions of the cumulative exposure for both hexavalent and
trivalent chromium using the same lag periods. Average
exposure (cumulative exposure/duration of work) and log
average exposure also gave poorer fits than did log
transformations of the cumulative hexavalent and Lrivalent
chromium exposure using the same lag periods. Log
transformation of duration of work at the plant also resulted
in a worse fit than did the untransformed variable for ali
lags. Based on the above results, log transformations of
cumulative trivalent chromium exposure and cumulative
hexavalent chromium exposure, and the untransformed
duration of work, were utilized in all subsequent models.

Consideration of different lag times showed that for
each of the three exposure measures, the 5- and 10-year lags
gave essentially identical x* values, with the 0- and 2-year
lags slightly lower and the 20-year lag considerably lower
(at feast for the two chromium dose measures). A 3-year lag
was selected for use in all models.

Cumulative hexavalent chromium exposure
(mg/m‘lyears), cumulative trivalent chromium exposure,

and work years were found to be roughly equivalent in
predictive ability when smoking (yes/no) was included in
the model, and each of these exposure measures was
significantly associated with increased lung cancer risk at
the P =0.0001 significance level (see Table VII). In Table
VII, the coefficient of 0.325 (95% Cl of 0.180-0.469)
associated with log;o of curmulative hexavalent chromium
exposure indicates that a 10-fold increase in cumulative
exposure (or equivalently an increase of 1 in logy
cumulative exposure) increases the risk, or hazard, by a
factor of exp (0.325) = 1.38 (95% CI of 1.20-1.63). This
can be compared to an increase of exp {0.274) = 1.32 (95%
Ci of 1.15-1.51) fold following a 10-fold increase in
cumulative trivalent chromium exposure. For work duration
at the plant, the coefficient of 0.044 indicates that working
10 additional years increases the risk by a factor of exp (10 *
(.044) = 1.55.

The proportional hazards models were used to estimate
risks by exposure quarlile using the first quartile as the
reference group. Using the median exposure in each quartile
as the measure of cumulative hexavalent chromium
exposure and with smoking included as a variable in the
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TABLE VII. Aesulis of Cox Models for Three Different Exposure Measures, Ezch Combined With Smoking Status;

Chromium Chemical Producticn Workers, USA

Modetl Variable Coetficient (95% Cl} Relative risk P-value e
Cigarette smoking 1.80{0.80, 2.80} 6.05 0.0004
422
Logy curnulative hexavaient 0.325(0.1800.469) 138* 0.0G01
chromium exposure
Cigarelte smoking 1.79{0.79,2.79) 599 000605
Il 389
Logsn cumulative trivalent 0.274(0.140,0412) 1.32° 00001
chromium exposire
Cigarette smoking 1.75{0.75,2.75) 5875 00006
Il 36.4
Years worked 0044 (0.023,0065) 155° 00001

*The relative risk is for gach 10-fold increase in cumulative exposure.
®The relative risk is for each 10-year increase in years worked,

TABLE VI, CoxModels for Cumuiative Hexavalent Chromium Exposure/Cumulative Trivalent Chromium Exposure
ang Gumulative Hexavalent Chromium Exposure/Duration of Work (Smoking alsg Included in Each Model); Chromium

Chemical Production Workers, USA

Model Variable Coefficient Relativerisk  P-value e
Logp cumulative hexavalent chromium expoesure 0.509 166° 09045
Logig cusnulative trivalent chromium exposure —~0177 017 0449 42.8
Cigarette smoking 18 605 0004
Log cumulative hexavalent chromium exposure 0.256 1297 0010

i Years worked 0016 17° 0.303 432
Cigarette smoking 178 593 0005

*The relative risk is for eagh 10-lold increase in cumulative exposure,
“The relative risk is for each 10-year increase in yaars worked.

model, relative Jung cancer risks of 1.83, 2.48, and 3.32 for
persons in the 2nd, 3rd and 4th cumulative exposure
quartiles, in comparison to the first quartile, were estimated.

There was a strong correlation between the log of
cumulative hexavalent chromium and the log of cumulative
trivalent chromium (Pearson correlation coefficient = 0.95;
Spearman rank correlation coefficient = 0.95). There were
also strong correlations between the log of cumulative
hexavalent chromium exposure and work duration (Pearson
correlation coefficient=0.71; Spearman rank correlation
coefficient =0.87) and between the log of cumulative
trivalent chromium exposure and work duration (Pearson
correfation coefficient =0.63; Spearman rank correlation
coefficient = 0.84).

Despite these strong correlations, we attempted to
separate the efflects in two propottional hazards models
{Table ViH). One model incorporated the log of cumulative

hexavalent chromium exposure, the log of cumulative
trivalent chromium exposure, and smoking. The other
model incorporated the log of cumulative hexavalent
chromium exposure, work duration, and smoking. In each
case, inclusion of the other dose measure (log of cumulative
trivalent chromium exposure or work duration) resulted in
cumulative hexavalent chromium exposure still being
statistically significant (P < 0.05) with the other measure
not being statistically significant. In addition, the coefficient
for work duration decreased substantially compared to the
value in Table VII, and the coefficient for cumulative
trivalenl chromium exposure actuaily became negative.

A significant (P < 0.05) correlation of lung cancer with
the occurrence of ulcerated nasal septum, perforated nasal
septum, ulcerated skin, dermatitis, burn, and conjunctivitis
was found using separate 2 x 2 tables. When smoking,
cumulative exposure o hexavalent chromiom, and the 10
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potential clinical findings of chromium irritation were
included in 10 separate proportional hazards mwodels as
covariates, none of the clinical findings of irritation were
found to be significantly (P <0.05) predictive of the
occurrence of lung cancer, although perforated nasal septum
and burn reached borderline significance (£ = 0.07).

DISCUSSION

The current study confirms the elevated lung cancer risk
from hexavalent chromium exposure observed in other
studies and presents the best opportunity to date of
evaluating the lung cancer exposure—response relationship
from exposure to hexavalent chromium. A comparison of
key attribules of the current study with those of the study by
Mancuso [1975, 1997a] which has {o date been the study
most frequenily used for exposure—response assessment of
the lung cancer risk from hexavalent chromium is found in
Table 1X.

As can be seen, the current study, in comparison with
the Mancuso study, had a larger cohort, more lung cancer
deaths, and had smoking information for most of the cohort.
Many of the exposure estimates of the current study are
from direct measurerents; a porlion were from models
using contemporary data, More important, however, the
ambient measures or estimates of exposure were concurrent
with the work history and are of hexavalent chromium
directly, not derived from other measures. Furthermore, the
cunulative exposure groups in the current study represent
lower exposures than those of the Mancuso study, providing
better risk estimates at these lower levels of exposure, an

important consideration for quantitative risk assessment,
Nonwhites were found to have higher mean cumulative
hexavalent chromium exposures than whites (Table I}
Nonwhites had somewhat longer mean work durations than
did whites but not enough 1o account for the large difference
between whites and nonwhites in mean cumulative
exposure. The difference is more altributable to two
different distributions of job titles biased toward jobs with
higher exposures experienced by the nonwhite population.

The lung cancer risk among those with race unknown
was less than expected (Table I). This may reflect the fact
that cumulative hexavalent chromium exposure among
those with race unknown was considerably less than among
those whose race was known (Table III).

A high proporlion of the cohort were smokers as were a
high proportion of the lung cancer deaths. Oaly four of those
who died from lung cancer did not smoke at the time of
initial employment. Nevertheless, increasing exposure (o
hexavalent chromium was still a statistically significant risk
factor when included with smoking as a covariate in the
proportional hazards model. It was not possible 1o examine
the interaction of smoking and cumulative hexavalent
chromium exposure in the Cox regression because of the
small number of nonsmoking lung cancer cases.

Considerable effort was made in the current study to
develop estimates of trivalent chromium exposures from
measured hexavalent chromium exposures and chemical
analysis of seitled dust and to wse this information to
evalvate whether there is a risk of lung cancer from
cumulative trivalent chromium exposure. Analyses indi-
cated that cumulative trivalent chromium exposure was not

TABLEIX. AComparison of the Current Study with Studies by Mancuso {1975, 1997a]; Chromium Chemical Production Workers, USA

Current study

Mancuse [1975,1997a)

1205 white males
848 nonwhite males
304 race unknown males

Cohort

tndustrial rygiene measurements
vis-a-vis work history

Concurrent with the work history

Industrial hygiene measurements Cr84r® derived from settied dust)

Vis-a-vis chromium species
measusement
Number of lung cances cases 122
Person-years of observation 70,736
Smoking data
Exposurs groups (mg/mg-years)

Assalysis of cancer risk of Cr V! Multivariate

and Crlll

Yes/No for 81% of cohort at time of first employment
0-0.00149,¢.0015-0.0089, 0.009-00768,0077-5.25

332 white males

Not concurrent with work history (Measurements made in 1349
were used to estimate exposure toworkers who began employment
in1931--37)

Total Gr {Cr® and Cr® derived from settled dust)

42 {1975 study); 66 (1997 study)

5,853 (1975 study); 12,881 (1997 study)

None

< 0.25,0.25-0.49,0.50-1.00,100-199,2.00

Univariate




